University of Tennessee, Knoxville

TRACE: Tennessee Research and Creative
Exchange
Masters Theses

Graduate School

12-1991

Wild and cultivated host plants of Helicoverpa zea (Boddie) and
Heliothis virescens (Fabricius) in eastern Tennessee
Donald L. Sudbrink

Follow this and additional works at: https://trace.tennessee.edu/utk_gradthes

Recommended Citation
Sudbrink, Donald L., "Wild and cultivated host plants of Helicoverpa zea (Boddie) and Heliothis virescens
(Fabricius) in eastern Tennessee. " Master's Thesis, University of Tennessee, 1991.
https://trace.tennessee.edu/utk_gradthes/6969

This Thesis is brought to you for free and open access by the Graduate School at TRACE: Tennessee Research and
Creative Exchange. It has been accepted for inclusion in Masters Theses by an authorized administrator of TRACE:
Tennessee Research and Creative Exchange. For more information, please contact trace@utk.edu.

To the Graduate Council:
I am submitting herewith a thesis written by Donald L. Sudbrink entitled "Wild and cultivated
host plants of Helicoverpa zea (Boddie) and Heliothis virescens (Fabricius) in eastern
Tennessee." I have examined the final electronic copy of this thesis for form and content and
recommend that it be accepted in partial fulfillment of the requirements for the degree of
Master of Science, with a major in Entomology and Plant Pathology.
Jerome F. Grant, Major Professor
We have read this thesis and recommend its acceptance:
Charles D. Pless, Gary L. Lentz
Accepted for the Council:
Carolyn R. Hodges
Vice Provost and Dean of the Graduate School
(Original signatures are on file with official student records.)

To the Graduate Council:

I am submitting herewith a thesis written by Donald Lewis Sudbrink Jr. entitled "Wild
and Cultivated Host Plants of Helicoverpa zea (Boddie)and Heliothis virscens (Fabricius)
in eastern Tennessee." I have examined the final copy of this thesis for form and content
and recommend that it be accepted in partial fulfillment of the requirements for the

degree of Master of Science, with a major in Entomology and Plant Pathology.

4.
rome P. Grant, Major Professor

We have read this thesis

and recommend its acceptance:

Accepted for the Council:

Associate Vice Chancellor

and Dean of the Graduate School

WILD AND CULTIVATED HOST PLANTS OF

HELICOVERPA ZEA (BODDIE) AND HELIOTHIS VIRESCENS (FABRICIUS)
IN EASTERN TENNESSEE

A Thesis
Presented for the

Master of Science Degree
The University of Tennessee, Knoxville

Donald L. Sudbrink Jr.

December 1991

A»-VET-*ED.

Ijiests

%n24

ACKNOWLEDGEMENTS

The author would like to express deep gratitude to Dr. Jerome F. Grant,

who served as major professor, and under whose supervision this thesis was
conducted and written. His encouragement, instruction, leadership and advice
during this study was greatly appreciated.
Many thanks are also extended to Dr. Charles D. Pless, and Dr. Gary L.

Lentz for serving on the graduate committee, and for assisting in this study.
Appreciation is extended to Dr. Neil Rhodes for plant identification. Dr.
Edward E. C. Clebsch for instruction on the flora of eastern Tennessee, and Dr.

B. Eugene Wofford for information on plant species distribution. Appreciation is
also extended to Renee Chagnon, Ed Wright, Lara Yeager-Smith, Russell Smith,

Linda Randolph, Xiao-Yan Yang, Gregg Holmes and Elizabeth Vail for their
assistance in the conduct of the research leading to this completed thesis.
The author would like to express his deepest gratitude to his parents, Ms.

Mary E. Sudbrink and Donald L. Sudbrink Sr., for their constant support and

encouragement, without which this thesis might not have been completed.

11

ABSTRACT

Helicoverpa zea and Heliothis virescens are important crop pests. Both species
are multivoltine and polyphagous enabling them to overlap cropping periods on wild
host plants. Several studies of wild and cultivated host plants of Helicoverpa zea and
Heliothis virescens have been conducted in the major cotton-growing regions of the
southern United States. These studies were conducted to assess the development of an
area-wide management strategy for controlling these pests on species of wild hosts.

No comprehensive study of these host plants had been conducted in eastern

Tennessee. Therefore, a two-year study was initiated to: 1) determine the complex of
wild and cultivated host plants of Helicoverpa zea and Heliothis virescens in this

region and 2) to examine host suitability of selected wild host plants in the laboratory.
Helicoverpa zea or Heliothis virescens larvae were collected from 37 species

of wild host plants in eleven plant families, which is the second-greatest plant species
diversity compared to previous studies. Individually, Helicoverpa zea was collected
from 32 plant species in 11 plant families and Heliothis virescens was collected from
21 plant species in eight families. Both Helicoverpa zea and Heliothis virescens were
collected from 16 plant species in seven plant families.

Early-season wild host plants considered to be important in other regions of
the southern United States (e.g., the Southeast and the Mississippi Delta) were

apparently not important in eastern Tennessee, Potentially important early-season
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host plants in eastern Tennessee included black medic, Medicago lupulina L., for
Heliothis virescens. and common mallow and crown vetch for both insect species.
Black medic continued to be an important host plant for Heliothis virescens into mid

season, and crown vetch was an important host plant in late season for Helicoverpa
zea. Other important mid-to late-season wild hosts for both insects were

hophombeam copperleaf, velvetleaf, and tall and ivy-leaved momingglory. Important
late-season host plants for Helicoverpa zea were fall panicum, hairy galinsoga, and
prickly sida. Of the wild host plants, the greatest number of larvae were collected

from prickly sida, Sida spinosa L., where 308 (36% of all Helicoverpa zea collected)
Helicoverpa zea larvae were collected.
Laboratory feeding studies indicated that, in late-season, crown vetch and tall

momingglory are good nutritional host sources for successful development of

Helicoverpa zea while prickly sida may not be as suitable a host. These experiments
also indicated that phytochemicals in crown vetch may be toxic to Helicoverpa zea in

mid season. Along with mid-season die-back of crown vetch, these phytochemicals
may help to reduce populations of this pest on this plant for that time period.
The most important cultivated host plants of Helicoverpa zea and Heliothis
virescens were com and tobacco, respectively. Alfalfa was of moderate importance
for Helicoverpa zea in late-season. Few larvae were collected from tomato and none

from soybean.
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CHAPTER I

INTRODUCTION

Helicoverpa f=Heliothis) zea (Boddie), the com earworm, bollworm or
tomato fruitworm, and Heliothis virescens (F.), the tobacco budworm, are insect

species in the subfamily Heliothinae of the family Noctuidae within the order
Lepidoptera (Poole 1989). The Noctuidae which contains approximately 20,000
species worldwide, is the largest family in the Lepidoptera (Covell 1984). In
America, north of Mexico, more than 2,900 noctuid species occur, of which

approximately 180 are in the subfamily Heliothinae (Hodges 1983). This subfamily
contains some of the world's most destructive crop pests (King et al. 1981).
Helicoverpa armigera (Hubner), American bollworm, Helicoverpa assulta (Guenee),

cape gooseberry budworm, Helicoverpa punctigera (Wallengren), native budworm,
and Heliothis peltigera (Denis and Schiffermuller), are pests of several crop species in
the Old World (Hill 1983, King et al. 1981). Helicoverpa zea and Heliothis virescens

are pests of a variety of crops throughout the New World, from southern Canada to
Argentina and Chile (Hardwick 1965, Hill 1983, King et al. 1981).

The genus Helicoverpa Hardwick was split from the genus Heliothis
Ochsenheimer in a taxonomic revision in 1965 (Hardwick 1965). This new genus has

gradually gained acceptance by entomological researchers and organizations including
the Entomological Society of America (Stoetzel 1989). Recent monoclonal antibody

analysis supports this split (Greenstone et al. 1991). However, because of the world
wide pest status of these genera and their frequent association as a pest complex,

many researchers continue to combine Helicoverpa within Heliothis for ease of
understanding and to maintain consistency with previous work (Fitt 1989, Nye 1982,
Zalucki 1991). This thesis will recognize the split and use the names Helicoverpa zga
and Heliothis virescens.

Adults of these genera are heavy-bodied moths with forewings somewhat
narrowed and hind wings broadened (Borror et al. 1981). Helicoverpa zea has a

wingspan of approximately 25.5 mm to 38.5 mm with light yellowish olive forewings
for males and yellowish brown to pinkish brown forewings for females (Hunt 1983).
The wingspan of Heliothis virescens averages about 32 mm with three dark olive to
brown slanted bars on the forewings of both sexes. Adults are nocturnal and strong

fliers; Helicoverpa zea has the ability to travel distances of hundreds of kilometers
(Hartstack 1982). Adults mate and females lay about 1,0(X) eggs singly on host plants

(Hunt 1983). Neonate larvae hatch in 2 to 5 days and are approximately 1.5 mm long

with yellowish white bodies. Larvae feed primarily on flowers, fruits, and budding

parts of plants but also will feed on vegetative portions and are even cannibalistic. As
the larvae feed they undergo 5 to 6 instars reaching up to 44 mm long. Late-instar
larvae burrow 5 to 10 cm into the ground where they pupate. In this stage, one of

two developmental activities can occur depending on seasonal cues: they can develop
into adults and emerge to mate and start another generation, or they can diapause and
overwinter in the pupal stage and emerge in the spring. Mortality of overwintering

pupae can be high and survival low. In North Carolina, only 1.9 to 27.0% of pupae
survived the winter to emerge in the spring as adults (Caron et al. 1978), and in
Mississippi only 3.6 to 3.9% survived (Stadelbacher and Martin 1980). In warm
climates, both of these species are multivoltine, and in southern Florida and the
Lower Rio Grande Valley of Texas and Mexico, they can produce continuous

generations (Snow and Copeland 1971). In eastern Tennessee, three to four
generations or broods of these insects occur each year (Bidlack et al. 1991, C. D.
Pless, personal communication).

Helicoverpa zea and Heliothis virescens may be the two most destructive pest
species in the United States, where they cause more than one biUion dollars damage

annually (Johnson 1986). They are most destructive in the Southeast and decrease in
importance further north and west (King et al. 1981). They are highly polyphagous,
damaging a number of crop species. Helicoverpa zea has been reported from more
than 130 species of plants including more than 40 crop species (Rathman and Watson
1985, Stadelbacher et al. 1986, Tietz 1972). In the South, some of the more

important crops attacked are alfalfa, snapbean, com, cotton, okra, peanut, pea,

sorghum, soybean, strawberry, sweet pepper, sweet potato, tobacco, and tomato
(Hunt 1983). Heliothis virescens has been reported from more than 70 species of

plants including more than 10 crop species (tobacco, cotton and soybean are the most

important crops attacked in North Carolina)(Rathman and Watson 1985, Stadelbacher
et al. 1986, Tietz 1972, Hunt 1983). These insects can move from one crop species
to another with each new generation (e.g., Helicoverpa zea from com, the preferred

host in the Fj generation, to tobacco, cotton or soybean in the Fj generation; or with
Heliothis virescens from tobacco, the preferred host in the Fj generation, to cotton or

soybean in the Fj generation)(Hunt 1983). This movement is dependent on crop
phenology and availability (Stadelbacher et al. 1986).
Besides cultivated host plants, these two pest species have been reported from

a large number of non-cultivated or "wild" host plants. This complex of wild hosts
includes both native and naturalized plants, and is present for much of the frost-free

year, even when cultivated host plants are not available (Stadelbacher et al. 1986). In
the southern United States, the ability of Helicoverpa zea and Heliothis virescens to

develop on these wild host plants coupled with their ability to produce several
generations per season enables them to generate population levels in succession,
overlapping the cropping season (Stadelbacher et al. 1986). Thus, it becomes

important to determine the complex of wild host plants on which larvae feed before,
during, and after crop availability. Surveys of wild host plants can provide an
understanding of the diversity of host species, seasonal abundance of the insects on

individual host species and the relative importance of the host plants. In addition,
insects collected from these wild host plants can be reared in the laboratory to
determine their parasitism by natural enemies.

Some problems, however, may be encountered with the survey process.

Interspecific comparison of insect abundance on host plant species is difficult due to
differences in plant phenology, lack of homogeneity of plant stands, and differences in
plant structure, physiognomy and location (Roach 1975, Snow and Brazzel 1965).

Because of these differences, a wide variety of sampling methods is utilized including
relative methods, such as sweep samples, direct visual observations of the plant, DVac sampling, and ground cloth samples; and absolute methods, such as whole plant

removal and analysis, and fumigation cage sampling (Pedigo et al. 1972, Roach 1975,
Snow and Brazzel 1965, Stadelbacher 1981, Zalucki 1991).

Because these wild host plant complexes can differ from region to region,

surveys have been conducted in different agroecosystems throughout the southern
United States (Stadelbacher et al. 1986). These regions include the Southeast [eastern

North Carolina (Neunzig 1963), the Pee Dee region of South Carolina (Roach 1975),

eastern Georgia (Barber 1937), northern Florida (Chamberlain and Tenhet 1926) and
northeastern Mississippi (Snow and Brazzel 1965)]; the Mississippi Delta
[northeastern Louisiana and southeastern Arkansas (Brazzel et al. 1953, Mueller and

Phillips 1983), and West Central Mississippi (Stadelbacher 1981)]; Texas [the Lower

Rio Grande Valley (Graham et al. 1972), the Brazos River Valley (Henry and
Adkisson 1965), and central Texas (Eger et al. 1982)]; and the cotton-growing region
of central Arizona (Rathman and Watson 1985).

These surveys have provided valuable information on the ecology of these pest
species. A unique wild host plant complex was found in each region surveyed
(Stadelbacher et al. 1986). Nevertheless, certain plant species and genera were

believed to be important hosts of Helicoverpa zea or Heliothis virescens in most of

these regions. Several genera of host plants occurred in every major region except
Arizona and included Medicago and Trifolium from the Fabaceae, Sida from the

Malvaceae, and Ipomoea from the Convolvulaceae. Several species of wild host plants
were common to both the Southeast and the Mississippi Delta. Some of these plant

species included Carolina geranium, Geranium carolinianum L., old-field toadflax,
Linaria canadensis L., crimson clover, Trifolium incamatum L., and winter vetch,
Vicia villosa Roth, in the early season, and various species of beggarweed,

Desmodium spp., tall and ivy-leaved momingglory, Ipomoea purpurea (L.) Roth and
I. hederacea (L.) Jacquin, respectively, and prickly sida, Sida spinosa L., in the
middle and late season.

While Helicoverpa zea and Heliothis virescens can feed on wild host plants

throughout the season, many of these studies have focused on early-season wild host
plants. These early-season wild hosts are important for the buildup of the Fj
generation in the spring when crop plants are not available for oviposition by newly
emergent or immigrant adult females. Larvae of the Fi generation feed on early-

season host plants, and can pupate and emerge to oviposit on attractive, developing
crop plants. Because fecundity of these insects is high (average of 1,000 eggs per
female), even a 99% mortality rate could allow a five-fold population increase from

one generation to the next (Meuller and Phillips 1983). This phenomenal ability to

reproduce can generate pest populations which quickly surpass economic thresholds,
requiring early and continued application of insecticides. This excess spraying can
lead to development of insect resistance to insecticides (particularly in Heliothis
virescensL and is expensive and potentially harmful to the environment.

Suppression of the Fj generation of these insects when they are concentrated in

early-season wild host plants may delay pest density from reaching the economic
threshold (Knipling and Stadelbacher 1983). This suppression of pest pressure could
reduce costs and the likelihood of development of insecticide resistance.

This suppression tactic has been the focus of an integrated plan for area-wide
management of Helicoverpa zea and Heliothis virescens (Knipling and Stadelbacher
1983). Instead of managing for pest populations on an individual farm to farm basis,
pest management efforts would be coordinated throughout a broad agroecosystem to

increase efficiency of control and reduce economic and environmental costs. Some of
the components of this plan include mass release of egg and larval parasitoids into

early-season wild host plant vegetation, application of Bacillus thuringiensis Berliner
and viral pathogens onto early-season wild host plant vegetation, autocidal control
with sterile moths, and cultural control by mowing or herbicidal spraying of earlyseason host plants (Knipling and Stadelbacher 1983).

Experimental evidence from insect pathogen studies and vegetational

management studies support this theory. In cage studies in early-season wild host

plants in the Mississippi Delta, a single application of nuclear polyhedrosis virus
(NPV)reduced adult emergence of Helicoverpa zea and Heliothis virescens by 80.3 to
91.3% compared to untreated controls, and B. thuringiensis formulated with an insect

growth regulator reduced emergence by 49.1% (Bell and Scott 1989). In large scale

experiments in 1990, NPV was sprayed onto early-season wild hosts in a 161 km^
area of the Mississippi Delta. Even with poor coverage, a 38% reduction of Heliothis

virescens and a 31% reduction of Helicoverpa zea was attained when compared to an
untreated control area (Cooke 1990).

Vegetational management also has shown promise. In eastern North Carolina,
destruction of wild host plants by mowing and plowing early in the season was

believed to be responsible for reducing populations of Helicoverpa zea and Heliothis
virescens (Neunzig 1963). In small plot tests in the Mississippi Delta, as much as a
96% reduction of the larval population was attained with one properly timed mowing,
and as much as a 99.6% reduction was attained with one application of the herbicide

2,4-D (Stadelbacher 1982, 1985). In a larger scale study (6,500 hectares of cropland)
in southeastern Arkansas, populations of Helicoverpa zea and Heliothis virescens were

reduced an average of 50% in areas where spring hosts were mowed every 2 to 3
weeks compared with non-mowed areas (Harris and Phillips 1986a).
Area-wide management, however, is not without its problems. The

effectiveness of early-season controls would be reduced if immigrant populations of
adult moths came into agroecosystems after suppression measures were used (Mueller
et el. 1984). Another problem is that natural enemies also may be suppressed with

Helicoverpa zea and Heliothis virescens. Pest populations could then increase
unchecked until the natural enemy populations could rebound, requiring early

insecticidal application (Mueller et al. 1984). Knipling and Stadelbacher (1983)
discussed some limitations to their theory with respect to natural enemies. They

suggested that mass releases of Trichoeramma egg parasitoids and spraying of B.
thuringiensis also could eliminate other species of Lepidoptera that serve as reservoir
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host species for natural enemies of Helicoverpa zea and Heliothis virescens.
Populations of natural enemies would require a longer time to rebound and might
leave resurgent pest populations unchecked, requiring insecticidal application.
Evidence to support some of these ideas can be found in those same large scale
mowing experiments in southeastern Arkansas. In the 6,500 hectare study area, the

predatory arthropod population in mowed areas was reduced 17 and 32% in the first
and second years of the study, respectively, compared to unmowed areas (Harris and
Phillips 1986b). Parasitoids also were less effective in crops that were maintained
free of wild host plants. In southern Georgia, parasitism of eggs of Helicoverpa zea

by wasps of Trichogramma spp. was only 28% in weed-free soybean monocultures
compared with 71, 65, and 60% for soybeans growing with stands of beggarweed,
Desmodium sp., croton, Croton sp., and sicklepod. Cassia obtusifolia L., respectively

(these species are recorded wild host plants of Helicoverpa zea)(Altieri et al. 1981).
Another problem with area-wide management is that a strategy successful in one

region may not be successful in another region. Agroecosystems can vary widely in
cropping patterns, natural vegetation and general land use from region to region
(USDA 1981). Area-wide management of pests with wild host plant reduction may be
successful in heavily-cropped regions such as the Mississippi Delta and the Lower Rio
Grande Valley (Knipling and Stadelbacher 1983, Raulston et al. 1990). It may be

more difficult to implement such a program in regions that are more vegetationally
diverse. Areas with patchy agriculture and greater forest and successional cover
would be more difficult to manage, especially in regard to wild host destruction.

Stadelbacher and coworkers (1986), nevertheless, have suggested that even in less

intensively cropped regions, and/or areas where com, tobacco and vegetables are part
of the early-season host plant complex, these management strategies could be
successful if they are modified to fit the agroecosystem.

Eastern Tennessee is unique from other regions surveyed for wild host plants

of Helicoverpa zea and Heliothis virescens. It differs from these other regions

physiographically, climatologically, agriculturally, and vegetationally.
Physiographically, this region consists of the Great Valley of eastern
Tennessee, part of the Ridge and Valley province of the Appalachian chain, with the
Unaka Range (of the Blue Ridge province), to the east and the Cumberland Plateau
(of the Appalachian Plateau province), to the west (Figure l)(Amick and Rollins
1937, Fenneman 1938). Previous wild host surveys were conducted in the Coastal
Plain province (Fenneman 1938). Eastern Tennessee is generally higher in elevation
(averaging 305 m above sea level) than the Coastal Plain province, and is further
north in latitude than any other location surveyed except the eastern North Carolina

study area (Amick and Rollins 1937, Fenneman 1938, Neunzig 1963).
Climatologically, this region is generally cooler than other areas surveyed for
wild host plants. Mean annual temperature in eastern Tennessee is 10°C (Martin
1989). In the Mississippi Delta, mean annual temperature is approximately 17°C

(Gunn et al. 1980, Ruffner and Bair 1977). The typical growing season in eastern

Tennessee averages from 170 to 200 days (Munday and Gray 1986). Annual
precipitation can range from approximately 111.7 to 152.4 cm.
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Figure 1. Physiographic provinces of the southeastern United States (reproduced
from USDA 1969).
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Agriculturally, eastern Tennessee differs from other regions studied on the
Coastal Plain for wild host plants. The primary difference is that cotton is no longer

grown anywhere in this region (Munday and Gray 1986). However, up until the late
1940's, cotton was produced in the southern portion of the Great Valley and was

grown experimentally as far north as Knoxville until the early 1960's (Amick and
Rollins 1937, Carney 1947, Hoskinson 1964, H. Williams, personal communication).
Cotton is an important host plant for Helicoverpa zea and Heliothis virescens in areas

previously surveyed, and the absence of cotton in eastern Tennessee is potentially
significant for the population dynamics of these insects.

The majority of agricultural hectarage in eastern Tennessee is planted to com,

pasture, soybean, alfalfa, sorghum, tobacco and tomato in descending order of size
(Munday and Gray 1986). Farms constitute approximately 35% of the land area and
are patchy in distribution. Approximately 50% of the area is in forest cover (Martin
1989). This vegetational cover contrasts with that of other regions such as the Lower
Rio Grande Valley where most of the area is cropland or improved pasture, and the
Mississippi Delta where cropland makes up about three-fourths of the land area (Gunn
et al. 1980, USDA 1981). Most of the forested portion of eastern Tennessee was at

one time part of the Oak-Chestnut Forest Region until the chestnut blight, Endothia
parasitica. eliminated all of the mature American chestnut trees by the 1930's (Braun
1950, Martin 1989). The extreme southem portion of eastern Tennessee, which

roughly corresponds to the area where cotton was previously cropped, was part of the

Gulf slope section of the Oak-Pine Forest Region (Braun 1950). The whole area of
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eastern Tennessee was more recently grouped into the Appalachian Oak Forest region

(Kuchler 1964). The forest type in eastern Tennessee differs from forest types in
areas where the wild host plants of Helicovema zea and Heliothis virescens have

previously been studied. In those areas, potential natural vegetation is mainly
longleaf pine forest or riverbottom forest types (even creosote bush in the Lower Rio
Grande Valley)(Baker 1924, Kuchler 1964).
The flora of eastern Tennessee is quite diverse. Part of the eastern boundary
of eastern Tennessee is the Great Smoky Mountains National Park which has nearly

1,500 species of plants within its borders (White 1982). The Blue Ridge Region of
eastern Tennessee has been found to contain 1,709 plant species and lesser taxa.

Eastern Tennessee and the southern Appalachians are believed to have been refugia

for plants during previous glaciation and hypsithermal sea encroachment making the
region a center of plant diversity (Barbour et al. 1987, Wofford 1989). This great

diversity is in contrast to the less diverse flora of regions previously surveyed for wild
host plants of Helicoverpa zea and Heliothis virescens. For example, Gunn et al.
(1980) found only 669 species of plants in West Central Mississippi.

As a result of the many unique features of eastern Tennessee, a survey of wild
and cultivated host plants was necessary to help to better understand the regional

ecology of Helicoverpa zea and Heliothis virescens. This thesis describes that survey.
Surveys provide important information on the occurrence of insects on wild

host plants. This information enables researchers to better understand the relationship
of these plants to the development of insect populations. However, the survival and
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development of these insects on each host plant species also is important and should
be investigated.

Nutritional studies have been conducted with Helicoverpa

and Heliothis

virescens larvae fed on a number of wild and cultivated host plants (Ellsbury et al.

1989, Gross and Young 1977, Habib and Patel 1977, Jackson and Mitchell 1984,
Roach and Thomas 1989). Some of the cultivated host plants used in these

experiments have included com, tobacco, cotton, alfalfa and okra. Some of the

important wild host plants used in these experiments have included Carolina
geranium, old-field toadflax, crimson clover, Florida beggarweed, Desmodium
tortuosum (Swartz), and common vetch, Vicia angustifolia Reichard. Various
biological characteristics (e.g., developmental time, pupal weight, longevity,

fecundity, and fertility) were monitored during these experiments to help determine
host suitability.

To help gain a better understanding of host plant associations and host plant

suitability for Helicoverpa zea and Heliothis virescens. a two-year study was initiated
in eastern Tennessee. The specific objectives of this study were to: 1. determine the

complex of wild and cultivated host plants of Helicoverpa zea and Heliothis virescens
in eastern Tennessee, and 2. determine the host suitability of selected wild host

plants of Helicoverpa zea and Heliothis virescens in eastern Tennessee.
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CHAPTER n

WHJ) AND CULTIVATED HOST PLANT ASSOCIATIONS

i. INTRODUCTION

Helicoverpa zea (Boddie), the com earworm, and Heliothis virescens F., the
tobacco budworm, are polyphagous, multivoltine, lepidopterous insects in the family
Noctuidae. They are major crop pests in the United States, where they cause an
estimated one billion dollars damage annually (Johnson 1986). They feed on a wide

variety of cultivated and wild host plants. In the southeastern United States, they can
overlap cropping periods by feeding on wild host plants before, during, and after the
cropping season. This overlapping of cropping periods enables them to increase
populations with each generation in a seasonal succession.
To better understand their population ecology on these host plants and to

facilitate area-wide management strategies, several surveys of wild and cultivated host
plant complexes of Helicoverpa zea and Heliothis virescens have been conducted
throughout the major cotton-growing regions of the southern United States

(Stadelbacher et al. 1986). Almost all of these surveys were conducted within the
Coastal Plain Province of the southern United States (Figure l)(Fenneman 1938).
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Eastern Tennessee differs physiographically, climatologically, agriculturally
and vegetationally from the other areas previously surveyed for Helicoverpa zea and
Heliothis virescens. Although preliminary observations of host plant complexes have

been made in eastern Tennessee, a comprehensive survey has not been conducted in

this area. Thus, a survey was conducted in eastern Tennessee in 1990 and 1991, of
the wild and cultivated host plants of Helicoverpa zea and Heliothis viresc

ii. MATERIALS AND METHODS

Sampling of the vegetation was conducted an average of three times per week.
Wild and cultivated host plants were examined for the presence of eggs, larvae or
adults of Helicoverpa zea and Heliothis virescens from April to October of 1990 and
1991 in seven eastern Tennessee counties (Figure 2). In 1990, four counties (Cocke,
Greene, Hawkins and Knox Co.) were surveyed and in 1991, six counties (Blount,
Greene, Hamblen, Hawkins, Knox, and McMinn Co.) were surveyed. For the most

efficient use of time and transportation, intensive sampling of plants was conducted in

Knox and Greene Co. during both years of this study. Most of the sampling in these
counties occurred in and around the University of Tennessee's (U.T.) Agricultural

Experiment Stations [in Knox Co. at the U.T. Knoxville Plant Science Field

Laboratory (KPSFL), U.T. Dairy Farm and U.T. Woodlot; and in Greene Co. at the
U.T. Tobacco Experiment Station (TES), and Clyde Austin 4-H Center]. The other
counties in this survey were sampled periodically throughout the season.
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m.

A Counties periodically sampled

^ Counties intensively sampled
A

Locations of pheromone traps

Figure 2. Counties sampled for wild host plants of Helicoverpa zea and Heliothis
virescens.
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To provide an indicator of occurrence of Helicoverpa zea and Heliothis
virescens within the study area, male moth populations were monitored with USDAARS wire cone pheromone traps (Hartstack et al. 1979). Two traps per species were
installed at the KPSFL and the TES for both 1990 and 1991. In 1990, one trap per

species was installed in Rankin, Tennessee (Cocke Co.). Traps were baited with
pheromone approximately every two weeks. Traps were monitored every 2 to 10 days
for adult male moths at the KPSFL, every 7 to 10 days at the TES, and every 7 to 14
days at Rankin.

During this two year survey, more than 140 species of wild and cultivated host
plants were sampled for eggs, larvae or adults of Helicoverpa zea and Heliothis

virescens (Appendix I). Several methods were used to sample for eggs and larvae of
Helicoverpa zea and Heliothis virescens on these plants due to differences in structure
and composition of plant stands. When plant stands were uniform in species
composition and when their physiognomy would permit, sweep-net sampling was
conducted using a standard insect sweep net (38.1 cm in diameter). When possible,
at least 1(X) sweeps would be taken. The only cultivated crops sampled with a sweep
net were soybean and alfalfa.

While sweep sampling was the most efficient method for coverage of space
and utilization of time, some draw-backs were evident. This method collected

primarily later instar larvae (3rd through 5th or 6th instar). Eggs and most earlyinstar larvae (1st and 2nd instar) were not collected using this method. Plant stands
were often heterogeneous in species composition or had a structure or physiognomy
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that was difficult to sweep. When this was the case, visual observation or beat-sheet
sampling was used.

The visual observation method consisted of visually examining all above-

ground portions of the plant for eggs, larvae or adults of Helicoverpa zga or Heliothis
virescens. When possible, at least 10 plants per species were sampled in this manner.
This method was best for sampling the total number of eggs and larvae on each plant.
However, this method was time consuming and reduced the area covered when

compared to sweep sampling. Occasionally a combination of both methods was
employed. At first, plant stands were sampled with sweep nets to cover the greatest
area; and once larvae were collected, the more intensive visual sampling was utilized.

Cultivated host plants sampled visually included com, tobacco, and tomato.

Beat-sheet sampling was conducted with a white ground-cloth (one m^). This
cloth was placed at the base of the plant sampled and the plant was vigorously shaken

or beaten over it. Larvae would drop off the plant and onto the cloth for counting
and collecting. When possible at least five beat sheet samples would be taken per

plant species sampled. Soybean was the only cultivated plant to be sampled in this
manner.

Efforts were made to sample each host plant species weekly, but this was not

always possible due to the large number of plant species sampled in the survey. The
number of samples taken from each plant species (sweep samples, visual samples, and
beat sheet samples) could vary throughout the season due to factors such as host plant
availability and time available for sampling.
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Because of the diversity of sampling methods coupled with the variation of

samples taken, comparison of densities of Helicoverpa zea and Heliothis virescens
among plant species is difficult. Therefore, the numbers of larvae collected from
wild host plants discussed in this thesis indicate only the relative importance of each

host plant. Previous studies also have recognized this method-determined relativity of
host importance (Roach 1975, Snow and Brazzel 1965).
Larvae and eggs collected by these methods were taken to the laboratory for

identification and placed into cups of artificial pinto-bean diet (Shorey and Hale

1965). Larvae were maintained in an incubator at 26°C and 50% relative humidity
until adult emergence, parasitoid emergence, or death by entomopathogens.

m. RESULTS AND DISCUSSION
a. 1990

In 1990, 587 larvae of either Helicoverpa zea (n=498) or Heliothis virescens

(n=89) were collected from 27 species of wild host plants (a list of all of these wild

host plants and collection dates is provided in Table 1). These plant species included
representatives from ten plant families. Larvae of Helicoverpa zea were collected
from 20 species of wild host plants in ten plant families, and larvae of Heliothis
virescens were collected from 14 species of wild host plants in five plant families.

Eight species of plants from five families were hosts for both Helicoverpa zea and
Heliothis virescens.
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Table 1. Number of larvae of Helicoverpa zea (HZ)and Heliothis virescens(HV)
collected from wild host plants in eastern Termessee, 1990.

Host Plant

Family

Common

Dates of
Collection

HZ

HV

31 May

0

1

5 June

1

0

6 June-2 July

2

13

(Leguminosae)

5 Oct

2

0

Name

Polygonum persicaria L.

lady's thumb

Vicia grandifloria Scopoli

large yellow

Coronilla varia L.

Polygonaceae
Fabaceae

vetch

(Leguminosae)

crown vetch

Fabaceae

Rumex crispus L.

broadleaf dock

Polygonaceae

8 June

1

0

Rumex obtusifolius L.

curly dock

Polygonaceae

8 June

0

1

Medicago lupulina L.

black medic

14 June-25 July

0

18

Malva neglecta Wallroth

common

14-26 June

0

7

Fabaceae

(Leguminosae)
Malvaceae

mallow

sircea

Fabaceae

25 June

0

1

(Dumont) G. Don

lespedeza

(Leguminosae)

11 Sept

1

0

Abutilon theophrasti

velvetleaf

Malvaceae

29 July-25 Nov

36

28

1-16 Aug

1

0

9 Aug
8 Sept

0

1

0

1

21 Aug-28 Oct

31

1

23 Aug

1

0

Lespedeza cuneata

Medicus

Desmodium spp.

beggarweed

Ambrosia artemesiifoUa L.

common

Asteraceae

ragweed

(Compositae)

taU

Convolvulaceae

Ipomoea purpurea (L.)

Fabaceae

(Leguminosae)

Roth

morningglory

Physalis spp.

groundcherry

Solanaceae

Polygonum pennsylanicum

Pennsylvania

Polygonaceae

21 Aug-28 Oct

7

3

L.

smartweed

Sida spinosa L.

prickly sida

Malvaceae

23 Aug-28 Oct

235

4

Ipomoea hederaceae (L.)
Jaquin

ivy-leaved
morningglory

Convolvulaceae

31 Aug-14 Oct

39

4

Trifolium pratense L.

red clover

8-22 Sept

5

0

Datura stramonium L.

jimsonweed

Solanaceae

8 Sept-12 Oct

14

0

Panicum dichotomiflorum

fall panicum

Poaceae

10 Sept-28 Oct

80

0

Fabaceae

(Leguminosae)

(Gramineae)

Michaux
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Table 1. (cont.)

Host Plant

Family

Common

Dates of
Collection

HZ

HV

12 Sept

2

0

Solanaceae

15-18 Sept

2

0

Asteraceae

15 Sept-14 Oct

13

8

Name

Sorghum halepense (L.)

johnsongrass

Poaceae

(Gramineae)

Persoon

Solanum carolinense L.

horsenettle

Galinsoga ciliata

hairy galinsoga

(Rafinesque) BlakeHost

(Compositae)

Amaranthus spp.

pigweed

Amaranthaceae

18 Sept

1

0

Chenopodium album L.

lambsquarters

Chenopodiaceae

22 Sept

2

0

Cichorium intybus L.

chickory

Asteraceae

22 Sept

0

1

Xanthium stmmarium L.

cocklebur

22-26 Sept

2

0

Acalypha ostryaefolia

hophornbeam
copperleaf

22 Sept-14 Oct

20

0

13

8

498

89

Riddeli

(Compositae)
Asteraceae

(Compositae)

Totals
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Euphorbiaceae

No specimens of Helicoverpa zea or Heliothis virescens were detected for the
entire month of April. The first recorded incidences of these insects were obtained
from pheromone trap catches of adult male moths on 3 May for Helicoverpa zea at

Greeneville and on 5 May for Heliothis virescens at Knoxville. In the traps at
Rankin, Tennessee, first collection of both species occurred on 6 May. These dates

of first occurrences are normal to early when compared with first trap catch dates of
previous years from pheromone traps (J. F. Grant, unpublished data) and from
blacklight traps (Marcovitch and Stanley 1941). However, in 1990,_first trap catches
from eastern Tennessee lagged more than one month behind those from the Pee Dee
region of South Carolina (S. H. Roach, personal communication).
Eggs or larvae of Helicoverpa zea or Heliothis virescens were not found on
any of the wild host plants before 31 May despite extensive sampling. Some of the

plants extensively sampled during this two-month period (and beyond) included those

species which were classified as important in wild host plant surveys in the
southeastern United States and the Mississippi Delta. These plants were Carolina
geranium. Geranium carolinianum L., dissected geranium. Geranium dissectum L.,
common vetch, Vicia angustifolia Reichard, and crimson clover, Trifolium incamatum
L. Old-field toadflax, Linaria canadensis (L.) Dumortier, a wild host plant important
to Helicoverpa zea and Heliothis virescens in the early season in the Southeast and

Mississippi Delta regions, did not occur in any of the survey areas in eastern
Tennessee. Although these plants are important hosts in those regions, most of those
that did occur in eastern Tennessee were either seeding or senescing by the time the
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first eggs and larvae of Helicoverpa zea and Heliothis virescens were collected.
Thus, these plant species may have simply been unattractive as hosts. However, a
species from the subfamily Heliothinae (the same subfamily to which Helicoverpa zea
and Heliothis virescens belong) was found on Carolina geranium. Three larvae of
Pyrrhia umbra (Hufnagel), the bordered sallow, were found on Carolina geranium as
early as 15 May.
The first plant species from which larval Heliothis virescens was collected was
lady's thumb, Polygonum persicaria L., on 31 May. This plant had just begun to

flower when the larva was collected. Helicoverpa zea was first collected from large
yellow vetch, Vicia grandiflora Scopoli. A single larva was collected from this plant,
when it was nearing senescence, on 5 June.
A potentially important early-season host plant for both Helicoverpa zea and
Heliothis virescens in eastern Tennessee was crown vetch, Coronilla varia L., which

is a new host plant for both insect species. Crown vetch is a perennial legume grown
along roadsides in eastern Tennessee for soil stabiliztion and nitrification and for the

roadside ornamental quality of its flowers. The peak bloom period of crown vetch
occurred between late May and early June in eastern Tennessee, but lesser and limited
blooms occurred throughout the season until the first killing frost. Most of the larvae
were collected in the early season from 6 June to 2 July. However, Helicoverpa zea

larvae also were collected from crown vetch as late as 5 October. This plant could
potentially be a wild host for Helicoverpa zea and Heliothis virescens for most of the
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frost-free year except mid-summer when the plant dies back from heat and drought
stresses.

Curly dock, Rumex crispus L., and broadleaf dock, Rumex obtusifolius L.,

were early-season hosts to larvae of Helicoverpa zea and Heliothis virescens.
respectively. However, these collections may have been incidental as only one larva
was collected per plant species after an extensive sampling period.
Other potentially important early-season wild host plants for Heliothis
virescens were common mallow, Malva neglecta Wallroth, and black medic,

Medicago lupulina L. Common mallow, or "cheeses," is a Malvaceous annual or

biennial weed that grows in pastures, cultivated fields, roadsides and waste places.
Heliothis virescens larvae were collected on common mallow from 14 to 26 June.

Black medic is a low, spreading, annual legume which occurs in fields, roadsides and
waste places. H. virescens larvae were collected on black medic from 14 June to 25

July. While this plant was an early-season host for Heliothis virescens. it also
continued to be a host into the mid-season when crop plants were available. This plant

also was reported as an early to mid-season host plant in northeastern Mississippi for
both Helicoverpa zea and Heliothis virescens but primarily for Heliothis virescens
(Snow and Brazzel 1965).

Another potentially important mid-season host plant was velvetleaf, Abutilon
theophrasti Medicus. Velvetleaf, or wild cotton, is a tall-growing, Malvaceous,
annual weed of cultivated fields and roadsides. Although velvetleaf was primarily a
host to Heliothis virescens in the mid-season, it also was a late-season host to
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Helicoverpa zea and Heliothis virescens. Larvae of both species were collected from

this plant from late July into November.
Plants from the genus Desmodium or beggarweed, are part of the family

Fabaceae, and are common weed plants throughout the southeastern United States.
These plants have been found to be important mid to late-season wild host species in

the Southeast for both Helicoverpa zea and Heliothis virescens but primarily for
Heliothis virescens (Barber 1937, Chamberlin and Tenhet 1926, Neunzig 1963, Roach
1975). Although these plants were extensively surveyed in eastern Tennessee in
1990, only one larva of Helicoverpa zea was collected from beggarweed and that
collection occurred on 16 August. However, larvae of Pyrrhia umbra were abundant
on beggarweed from 1 August to 8 September.
Groundcherry, Phvsalis spp., is a Solanaceous annual or perennial weed which

occurs in fields, roadsides, woodlands, and waste places from July to October. While
only one larva of Helicoverpa zea was collected from groundcherry in 1990, 36 larvae
of Heliothis subflexa Guenee were found on the "cherries" or fruits from mid to late-

season (1 August to 22 September). Heliothis subflexa is closely related to Heliothis
virescens.

Potentially important late-season host plants that both Helicoverpa zea and
Heliothis virescens were collected from included tall momingglory, Ipomoea purpurea

(L.) Roth, ivy-leaved momingglory, Ipomoea hederacea (L.) Jaquin, hairy galinsoga,
Galinsoga ciliata (Rafinesque) Blake, and prickly sida, Sida spinosa L. Helicoverpa

zea made up the great majority of larvae collected from each of these host plant
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species (96% of larvae collected from tall momingglory were Helicoverpa zea, 90%
from ivy-leaved momingglory, 82% from hairy galinsoga, and 99% from prickly
sida).

Tall momingglory and ivy-leaved momingglory are pubescent, twining, annual
weeds from the family Convolvulaceae. They are found in cultivated and fallow
fields, roadsides, thickets, and waste places. Larvae of Helicoverpa zea and Heliothis
virescens have been observed to feed on most parts of these plants but were most

commonly found in the flowers or "bells". Larvae were collected from these plants
from late August through October.

Hairy galinsoga is an erect, annual weed of gardens, fields, pastures and waste

places and is a particular problem weed in northeastem Tennessee. Larvae of
Helicoveroa zea (n= 13) and larvae of Heliothis virescens (n=8) were collected from

this plant primarily in and around tobacco fields, from mid-September to midOctober.

The greatest number of Helicovema zea larvae (n=235) collected from a wild
host plant species for the whole year came from prickly sida. This plant is a freelybranched, annual, Malvaceous weed which is frequently found in low fields, disturbed

areas and waste ground. Only four larvae of Heliothis virescens were found on

prickly sida and they were collected in early September. Helicoverpa zea larvae were

found on prickly sida from 23 August to 28 October with a population peak around
mid-September at both Knoxville and Greeneville (Figure 3). Larvae were observed
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Figure 3, Collections of Helicoverpa zea larvae from prickly sida in 1990.
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to feed on most parts of the plant, including flowers, buds, leaves, fruits and stems.

Prickly sida may be an important host plant on which overwintering populations of
Helicovema zea and Heliothis virescens may increase. This information is supported

by previous observations made by J. F. Grant of Helicoverpa zea

Heliothis

virescens on prickly sida in eastern Tennessee. In 1988, he collected large numbers of
larvae(> 130) of "Heliothis spp." from prickly sida in late season.

Pennsylvania smartweed, Polvgonum pennsvlvanicum L., was a host plant to
both Helicoverpa zea and Heliothis virescens in late season. Pennsylvania smartweed
is an annual weed of cultivated areas, damp soils and waste places. Helicoverpa zea

(n=7) was collected from this plant from late August to late October. Heliothis
virescens (n=3) was collected from this plant only on 21 September.

Potentially important late-season hosts of Helicoverpa zea alone included red
clover, Trifolium pratense L., jimsonweed. Datura stramonium L., hophombeam

copperleaf, Acalypha ostyaeifolia Riddell, and fall panicum, Panicum
dichotomiflorum Michaux.

Red clover is a perennial legume that grows in fields and along roadsides.
Larvae of Helicoverpa zea (n=5) were collected from this plant from 8 to 22
September.

Jimsonweed is a Solanaceous annual that occurs in fields, roadsides, bam lots

and waste places. Larvae of Helicoverpa zea (n=14) were collected from jimsonweed
near com fields from 8 September to 12 October.

29

Hophombeam copperleaf is a weed in the spurge family which occurs in waste
ground, fields and roadsides. Larvae of Helicoverpa zea (n=20) were collected from
this plant between 22 September and 14 October, especially when the plants were
near tobacco fields.

Fall panicum is an annual grass weed which occurs in cultivated fields,
ditches, marshes and low woods. Larvae of Helicoverpa zea (n=80) were collected

from fall panicum near com fields between 10 September and 28 October. This plant
was blooming and therefore attractive to Helicoverpa zea when the com plants were
senescing and tuming brown.

Wild host plants with only one or two larvae collected from them in late
season and generally considered incidental or of minor importance included siricea
lespedeza, Lespedeza cuneata (Dumont) G. Don; common ragweed. Ambrosia
artemisiifolia L.; Johnsongrass, Sorghum halapense (L.) Persoon; horsenettle,

Solanum carolinense L.; pigweed, Amaranthus spp.; lambsquarters, Chenopodium

album L.; chickory, Cichorium intybus L.; and cocklebur; Xanthium stmmarium L.
Cultivated crops (e.g. alfalfa, Medicago sativa L., com, Zea mays L.,

tobacco, Nicotiana tabacum L., and soybean, Glvcine max Merrill, also were sampled

in 1990 to obtain approximate phenologies of Helicoverpa zea and Heliothis virescens
on them.

Although alfalfa was extensively sweep-sampled from April to October, only
10 Helicoverpa zea larvae were collected from this plant. These larvae were collected
late in the season, from 15 September to 14 October.
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Com was sampled from late July to September by examining the ears and

silks. Only Helicoveroa zea was collected from com. Eggs and larvae were collected
throughout the sampling period. This plant provided the most Helicoveroa zs& larvae
(> 205) of all cultivated host plants sampled.

Tobacco was sampled in beds and fields in June and July and then intensively
sampled in field plots from late July to September. Both Helicoveroa zea and
Heliothis virescens occurred on tobacco. Heliothis virescens was the predominant

Heliothine species collected from tobacco (approximately 90%), and more Heliothis
virescens larvae (>200) were found on tobacco than on any other plant in the survey.

Soybean was sweep-sampled from late July to September. No larvae of either
Helicoverpa zea or Heliothis virescens were found on this plant.

b. 1991

In 1991, 472 larvae of either Helicoveroa zea (n=347) or Heliothis virescens

(n=125) were collected from 31 species of wild host plants (a list of all of these
plants is contained in Table 2). These plant species represented 11 plant families.
Larvae of Helicoverpa zea were found on 28 species of wild host plants in ten
families and Heliothis virescens larvae were found on 14 species of wild host plants in

eight families. Both insect species were found on 12 species of plants from seven
families.

Adults of Helicoverpa zea were first collected in pheromone traps on 28
March at Greenville. This initial collection date occurred more than one month before
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Table 2. Number of larvae ot Helicoverpa zea (HZ)and Heliothis virescem (HV)
collected from wild host plants in eastern Tennessee, 1991.

Host Plant

Family

Common

Coronilla varia L.

crown vetch

Medicago lupulina L.

black medic

Malva neglecta Wallroth

common

Dates of

HZ

HV

Collection

Name

14

3

(Leguminosae)

29 May-17 July
3 Sept-31 Oct

56

0

Fabaceae

24 May-17 July

2

40

21 May-17 July

8

4

18 Oct

1

0

Fabaceae

(Leguminosae)
Malvaceae

mallow
Fabaceae

Lespedeza cuneata
(Dumont) G. Don

lespedeza

(Leguminosae)

Abutilon theophrasti

velvetleaf

Malvaceae

2 June- 31 Oct

11

30

tall

Convolvulaceae

17 July-12 Sept

3

0

19 Aug-12 Sept

2

0

sircea

Medicus

Ipomoea purpurea (L.)
Roth

morningglory

Physalis spp.

groundcherry

Solanaceae

Polygonum pennsylanicum

Pennsylvania

Polygonaceae

23 Sept-6 Oct

6

0

L.

smartweed

Sida spinosa L.

prickly sida

Malvaceae

17 July
5 Aug-31 Oct

1

0

72

1

Ipomoea hederaceae (L.)

Convolvulaceae

21 Aug-12 Sept

14

1

Jaquin

ivy-leaved
morningglory

Trifolium pratense L.

red clover

Fabaceae

23 May-5 Oct

21

1

Datura stramonium L.

jimsonweed

Solanaceae

5 Oct

3

0

Panicum dichotomiflorum

fall panicum

Poaceae

23 Sept-3 Oct

3

0

5 Oct

1

0

3 Oct

2

0

(Leguminosae)

(Gramineae)

Michaux

Sorghum halepense (L.)

johnsongrass

Persoon

Poaceae

(Gramineae)
Solanaceae

Solanum carolinense L.

horsenettle

Galinsoga ciliata

hairy galinsoga

(Rafmesque) BlakeHost
Chenopodium album L.

lambsquarters

Cichorium intybus L.

chickory

Asteraceae

(Compositae)
Chenopodiaceae
Asteraceae

(Compositae)
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2-19 June

1

1

25 Aug-12 Sept

8

10

11 July

0

2

26 Jime-11 July
25 Aug-12 Sept

1

4

2

1

Table 2. (cont.)

Host Plant

Family

Common

Name

Dates of
Collection

HZ

HV

11 July-6 Oct

61

24

Euphorbiaceae

Riddell

hophornbeam
copperleaf

Geranium molle L.

dovefoot

Geraniaceae

21 May

2

0

Geraniaceae

23 May

1*

1

25 Aug-12 Sept

13

0

11 Sept

0

1

Acalypha ostryaefolia

Geranium carolinianum L.

geranium
Carolina

geranium
Fabaceae

Trifolium repens L.

white clover

Elusine indica (L.) Gaertn.

goosegrass

Hibiscus trionum L.

Venice mallow

Malvaceae

12 Sept

2

1

pale

Polygonaceae

23 Sept

4

0

Polygonum lapathifolium L.

(Leguminosae)
Poaceae

(Gramineae)

S£unrtweed

Acalypha virginica L.

virgina

Euphorbiaceae

23 Sept-7 Oct

17

0

Ipomoea lacunosa L.

pitted
morningglory

Convolvulaceae

23 Sept-31 Oct

2

0

Solanum nigrum L.

black

Solanacae

3 Oct

1

0

Amaranthus spinosus L.

spiny amaranth

Amaranthaceae

5 Oct

2

0

Peuraria lobata L.

kudzu

Fabaceae

7 Oct

1

0

Anoda cristata (L.) Schlect.

spurred anoda

7-31 Oct

9

0

347

125

copperleaf ^^

nightshade

(Legiminosae)

Totals

egg
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Malvaceae

any r^rted catches in previous years in eastern Tennessee (J. F. Grant, unpublished
data, Marcovitch and Stanley 1941). Helicoveroa zea moths were first collected in

pheromone traps on 3 April at Knoxville. Again, this occurrence was earlier than
first catches reported from previous years. First moths of Heliothis virescens were

collected from traps on 2 May at Greenville and on 10 May at Knoxville. These first
occurrence dates are consistent with previous reports of Heliothis virescens adults in
eastern Tennessee.

The early occurrence of adult male Helicoverpa zea may have been the result
of migration from areas further south. Hartstack (1982) reported that Helicoverpa zea

can migrate hundreds of kilometers per night. Weather records for the week before
this initial occurrence indicate favorable conditions for migration (N.O.A.A. 1991).

A warm weather system "...was pumped northward from the Gulf of Mexico..."
between 17 and 23 March which may have provided favorable conditions for

migration of Helicoverpa zea (N.O.A.A. 1991).

Adult Helicoverpa zea were not collected in pheromone traps from 20 April to

2 May at Greenville and from 15 April to 10 May at Knoxville, indicating that these

adults may not have been active during those periods. When these periods ended in
their respective locations, Helicoverpa zea moths were consistently collected in the

traps for the remainder of the season. The resumption of trap captures in May (which
corresponds with captures from previous years) may more closely reflect the time of
first emergence of Helicoverpa zea from overwintering pupae in eastern Tennessee.
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As in 1990, no larvae or eggs of Helicoveroa zea or Heliothis virescens were

collected from wild host plants for the entire month of April 1991, despite extensive

sampling. The first Helicoveroa zea larvae collected during the 1991 season were
found in Knoxville at the U.T. Dairy on dovefoot geranium. Geranium mollg L., and
common mallow on 21 May (two larvae from each plant).

Dovefoot geranium is a low-growing annual or biennial weed that grows in

lawns, pastures, croplands and waste places. This single collection of Helicoverpa zea
marked the only date that a larva of either species of these insects was recorded from
this plant for either year of this study. While no eggs or larvae of Heliothis virescens
were collected from dovefoot geranium, an adult moth of this species was collected
from this plant on 23 May (at the U.T. Dairy).

Common mallow, an early-season host for Heliothis virescens in 1990, also

was a potentially important early-season host for Helicoverpa zea in 1991. Larvae of
Helicoverpa zea (n=8) were collected from common mallow from 21 May to 11 July
(which was the second largest amount of Helicoveroa zea in the early season).
Larvae of Heliothis virescens (n=4) were collected from common mallow from 9

June to 3 July. However, common mallow was not the first wild host plant that
Heliothis virescens larvae were collected from in 1991.

Heliothis virescens larvae were initially found on Carolina geranium in 1991.

This plant is a loosely branched annual weed which occurs in lawns, gardens,
cultivated fields and waste places. Carolina geranium has been demonstrated to be an

important early-season host plant for both Helicoverpa zea and Heliothis virescens
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throughout the Southeast and Mississippi Delta regions (Stadelbacher et al. 1986).
However, Carolina geranium does not appear to be an important host plant for these
insect species in eastern Tennessee. Despite extensive sampling of this plant from

April to June of both years, only one larva of Heliothis virescens was collected for
either insect species, and this larva was collected in Knoxville at the U.T. Dairy on

23 May. A single egg of Helicoverpa zea also was collected on Carolina geranium
on the same date and at the same location. No other eggs were collected from

Carolina geranium.

Black medic, an important early-season into mid-season host plant for

Heliothis virescens. provided the greatest number of Heliothis virescens (n=40)
collected from a wild host plant in 1991. Heliothis virescens larvae were collected
from this plant from 24 May to 17 July with peak collections in late June. Two
larvae of Helicoverpa zea were collected from black medic, one on 2 June and the
other on 19 June.

Red clover was a host plant early in the season as well as later in the season.

Extensive sweep-net sampling of red clover in May yielded one larva of Helicoverpa
zea on 23 May and another on 31 May. A single larva of Heliothis virescens was
collected from this plant on 31 May. Later in the season from early August to early
October, larvae of Helicoverpa zea (n=19) were collected from red clover.

The highest numbers of Helicoverpa zea collected in the early season were

found on crown vetch. From 29 May to 17 July, 14 Helicoverpa zea larvae and three
Heliothis virescens larvae were collected from crown vetch. In mid-season, after the
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peak bloom of crown vetch, much of the plant material wilted or died back due to
heat stress. This die-back of crown vetch occurred at a time when the main crop

plants of Helicoveroa zea and Heliothis virescens (i.e., com and tobacco,

respectively) were available and attractive. Consequently, no larvae of Hclicoverpa
zea or Heliothis virescens were collected on crown vetch in this part of the season.

In late season, after much of the com started to senesce, larvae of Helicoverpa zea
were once again collected from crown vetch. Fifty-six larvae of Helicoverpa zg^
were collected from crown vetch from 3 September to 31 October with the peak

collection occurring on 6 October. Densities of larvae of Helicoverpa zea on crown
vetch and com in 1991 are illustrated in Figure 4. Crown vetch may potentially serve

as a wild host plant both before and after the cropping season.
As the amount of crown vetch along roadsides increases in Tennessee, this

host plant may provide an area where populations of Helicoverpa zea and Heliothis
virescens can increase before moving into agricultural areas. For example, large

numbers of Helicoveroa zea and Heliothis virescens may develop in crown vetch and

move into neighboring com or tobacco, resulting in crop damage. In the Mississippi
Delta, entomologist E. A. Stadelbacher (USDA, Stoneville, MS) persuaded the
Mississippi Highway Department to cease roadside planting of crimson clover, an

important wild host plant which served as a production site of Helicoverpa zea in that

region (J. A. Powell, personal communication). More research will be needed before
similar actions should be considered and implemented in eastem Tennessee.
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Figure 4. Collections of Helicoveroa zea larvae from crown vetch and com in
Knoxville, 1991.

38

Larvae of Heliothis virescens (n=30) were found on velvetleaf from 2 June to

31 October. This Malvaceous plant seemed to be a "magnet" for Heliothis virescens.

If velvetleaf was present in the field, larvae of Heliothis virescens would almost

always be found on it. Helicovema zga (n=ll) was only found on velvetleaf in late
season (from 3 September to 31 October).

Early in the season (June), one larva each of Helicoveroa zea and Heliothis
virescens was found on hairy galinsoga. However, most of the larvae collected from

this plant were found in late season. From 25 August to 12 September, 8
Helicoveroa zea and 10 Heliothis virescens larvae were collected on hairy galinsoga,

mainly near tobacco fields.

Chickory provided a host for both Helicoveroa zea and Heliothis virescens
from mid to late season, 26 June to 12 September. Although larvae were collected

from this plant throughout most of the season, only low numbers were collected in
each sample.

While extensive sampling took place on lambsquarters, only two larvae of
Heliothis virescens were collected from this plant in 1991. This occurred on 11 July.
Larvae of Heliothis virescens (n=24) were collected from hophombeam

copperleaf from 11 July to 6 October. Helicoveroa zea larvae (n=61) were collected
from hophombeam copperleaf from 31 July to 6 October. The peak collection date
occurred on 6 October (56 larvae per 100 sweeps). Larvae were collected from this
plant near tobacco and com fields and pastures.
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Fewer Helicoveroa zea and Heliothis virescens were collected from tall and

ivy-leaved momingglory in 1991 than in 1990. The smaller number collected in 1991
may be a reflection of fewer samples taken toward the end of the season than in 1990
due to limitations on sampling time at the end of 1991.

Prickly sida was the wild host plant with the greatest number (n=72) of
Helicoveroa zea collected from it in 1991. Larvae were collected from 17 July to 31

October, and larval collections peaked on 7 October. The number of larvae collected
from this plant in 1991 was considerably less than that collected in 1990. This

reduction may be the result of fewer sampling dates in late 1991 than in late 1990.
The 1991 survey marked the first time that Helicoveroa zea was collected from
white clover, Trifolium repens L., in eastern Tennessee during this study even though
it was sampled in 1990. It is a perennial leguminous plant found throughout the

region in lawns, fields, and roadsides. Larvae of Helicoverpa zea (n=13) were
collected from this plant from 25 August to 12 September.

Heliothis subflexa was the predominant species on groundcherry in 1991 (42

larvae from 29 July to 12 September). However, two larvae of Helicoverpa^also
were collected from groundcherry on 19 August and 2 September.
Both Helicoveroa zea and Heliothis virescens were collected on 12 September

from Venice mallow. Hibiscus trionum L., a Malvaceous weed of cultivated fields and

waste places. This collection was the only occurrence of these insects on this plant in
the whole survey.
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Seventeen Helicoverpa zea larvae were collected from 23 September to 6

October from Virginia copperleaf, Acalvoha virginica L. This plant is a member of

the spurge family and is in the same genus as hophombeam copperleaf. It is an annual
weed which occurs in fields, roadsides, pastures, and waste places
One Heliothis virescens larva was collected from goosegrass, Elusine indica

(L.) Gaertner, This grassy weed was adjacent to some velvetleaf plants which had
larvae of Heliothis virescens on them. This collection may represent an incidental
occurrence of Heliothis virescens on goosegrass.

Both Helicoverpa zea and Heliothis virescens larvae were collected from pitted

momingglory, Ipomoea lacunosa L. Only one larva of each species was collected
from this plant, and these collections were made near stands of prickly sida and
velvetleaf, respectively. Thus, these collections from pitted momingglory may be
incidental.

Helicoverpa zea was collected from spurred anoda, Anoda cristata L., in the
late season (nine larvae from 7 October to 31 October). This Malvaceous weed of
cultivated fields and waste places was not as common as velvetleaf but similar
numbers of larvae were found on it in the late season.

Other late-season host plants from which low numbers of only Helicoverpa zea
were collected were siricea lespedeza, Pennsylvania smartweed, horsenettle,

jimsonweed, johnsongrass, pale smartweed, Polygonum lapathifolium L. (a wetland
weed), spiny amaranth, Amaranthus spinosus L.(a pasture weed), black nightshade.
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Solanum nigrum L. (a cropland weed), and kudzu, Peuraria lobata L. (an introduced
noxious weed).

Cultivated plants sampled in 1991 included alfalfa, com, soybean, and tomato.

In 1991, Helicoverpa zea was again the species which occurred on alfalfa. The first
larva collected from alfalfa was on 2 June. No other larvae were collected until late

season, despite consistent sampling intensity. Nine larvae were collected from 19
August to 12 September.

As with alfalfa, only Helicoverpa zea was collected from com. Sixty-one
larvae of Helicoverpa zea were collected from com from 8 July to 2 September
(Figure 4). Peak collection occurred on 2 August.

Despite intensive sampling in 1991, no larvae were collected from soybean.
This lack of either Helicoverpa zea or Heliothis virescens on soybean reflects similar
observations made by J.F. Grant on soybean in eastem Tennessee (personal
communication).

Extensive sampling of a small tomato patch in 1991 yielded only three larvae
of Helicoverpa zea. These were found late in the season on 2 September and 22
September.

While Helicoverpa zea and Heliothis virescens were collected from a great
diversity of wild host plants in eastem Tennessee in 1990 and 1991, only a few
species of plants appeared to be potentially important hosts. Other regions previously

surveyed for wild host plants also have shown a limited number of plant species
which serve as the most important hosts amidst a diversity of the overall wild host
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complex (Stadelbacher et al. 1986). Two plant families of special importance to both
Helicoveroa zea and Heliothis virescens in eastern Tennessee in this study were the

Fabaceae (Leguminosae) and the Malvaceae. Not only were the greatest numbers of
larvae of these insects collected from plants in these two families [449 from the

Malvaceae (42.3% of all larvae collected), and 196 from the Fabaceae (18.5% of all
larvae collected)], but these plants also served as hosts throughout the entire season.
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CHAPTER m

INFLUENCE OF SELECTED WILD HOST PLANTS
ON DEVELOPMENT OF HELICOVERPA ZEA

i. INTRODUCTION

Helicoveroa zea and Heliothis virescens feed on a wide variety of cultivated

and wild host plants (Tietz 1972). Their high degree of polyphagy coupled with their
multivoltine abilities enable these pests to overlap normal cropping periods by feeding
on wild hosts before, during, or after crops are under cultivation in the field.

To better understand the population dynamics of Helicoveroa zea and Heliothis

virescens on these host plants, it is important to understand the relative suitability of

the plant species to the insects. Some plant species are nutritionally superior to others
allowing insects to develop more quickly and completely. This nutritional advantage

may enable the insect to produce more potential offspring in the next generation.
Several host plant feeding experiments have been conducted in the laboratory

to evaluate host suitability (Ellsbury et al. 1989, Gross and Young 1977, Habib and

Patel 1977, Isely 1935, Jackson and Mitchell 1984, Roach and Thomas 1989). Some

of the parameters studied have included developmental time on the host plant, insect
weight, fecundity and fertility of insects fed on host plants. Some of these
44

experiments have used only one part of the host plant, such as flowers or foliage, as
food for the larvae. Other studies have compared the development of the insects fed

on different parts of the plant. This discrimination is important because of the

apparent preference of Helicoveroa zea and Heliothis virescens to buds, flowers and
fruiting structures over foliage (Johnson 1986). Ellsbury and colleagues (1989) found
that Helicoveroa zea fed flowers of crimson clover developed more quickly and had

greater pupal weights than those fed foliage. Isely (1935) found that Hglicoverpa zea
fed flowers of red clover, Trifolium repens L., or alfalfa, Medicago sativa L.,

developed more quickly than larvae fed foliage of each plant.

Several wild host plants [e.g., crown vetch, Coronilla varia L., prickly sida,

Sida spinosa L., and tall momingglory, Ipomoea purpurea (L.) Roth] are believed to
be important in the population dynamics of Helicoveroa zea and Heliothis virescens in
eastern Tennessee. The influence of these wild host plants on these pest populations

in this region has not been previously investigated. Thus, laboratory studies were
conducted in 1990 and 1991 to evaluate the influence of these selected wild host

plants (crown vetch, prickly sida and tall momingglory) on biological characteristics
(e.g., developmental time, survival, weight, and longevity) of HglicQverpa zea.
Crown vetch was selected because it was an important host plant and a new host

record for both species. Prickly sida and tall momingglory were selected for their
importance as host plants especially for Helicoveroa zea in late season.
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ii. MATERIALS AND METHODS

Three feeding experiments were conducted in the laboratory during 1990 and
1991. Helicoveroa zea was selected as the experimental animal and was obtained from

a laboratory colony maintained, as described by Shorey and Hale (1965), at the U.T.

insectary. Experiment 1 was initiated on 2 August 1990 in the U.T. insectary. Fifty
neonate Helicoverpa zea larvae were placed singly in individual petri dishes (100 by
15 mm) with moistened filter papers covering the bottom of each dish. Each petri
dish also contained one of seven food sources: crown vetch vegetation (CVV), crown

vetch flowers (CVF), tall momingglory vegetation (MGV), tall momingglory flowers

(MGF), prickly sida leaves (PSL), prickly sida flowers and buds (PSFB), and an
artificial pinto-bean media(MED)(Shorey and Hale 1965) as a control. Temperature
was maintained at 21+TC and relative humidity was maintained at 55jf 15%. Food

was replaced as necessary (ca. every 1 to 4 days). Test insects in each petri dish were

monitored daily. Date of pupation was recorded and larval developmental time was
calculated. Pupae were weighed 3 to 4 days after pupation, weights were recorded,
and sex of each pupa was determined. Emergence dates of adults were recorded.
Pupal developmental time and total developmental time were calculated.

Experiment 2 was initiated on 20 September 1990 in the U.T. insectary. Fifty
neonate Helicoveroa zea larvae were placed singly in individual petri dishes (100 by

15 mm) with moistened filter paper covering the bottom of the dish. Each petri dish
contained one of four food sources: prickly sida leaves (PSL), prickly sida flowers
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and buds (PSFB), prickly sida fruits (PSF), and an artificial pinto-bean media(MED)
as a control. Temperature was maintained at 24Hi5°C and relative humidity was
maintained at 43.5±16.5%. The same parameters were measured as described in
Experiment 1, and data were recorded.

Experiment 3 was initiated on 23 August 1991 in a growth chamber at the
U.T. Knoxville Plant Science Field Laboratory. Fifty neonate Helicoveroa zea larvae

were placed singly in individual diet cups (30 ml) with moistened filter paper on the
bottom of each cup. Each cup also contained one of five food sources: crown vetch

vegetation (CVV), crown vetch flowers (CVF), prickly sida leaves (PSL), prickly sida
flowers and buds (PSFB), and an artificial pinto-bean media(MED)as a control.

Temperature was maintained at 29±4°C and relative humidity was maintained at
48±13%. Larvae were transferred to petri dishes after the first ten days of the

experiment (when they were too large to escape the petri plates). The same

parameters as in Experiments 1 and 2 were measured except for these differences: the
dates of each larval molt was recorded, pupae were weighed 4 to 5 days after
pupation.

Experiments were analyzed using Duncan's test of multivariate range analysis.
Data were subjected to analysis of variance (p<0.051(SAS 1985). Differences among

means, contingent on a significant F test, were separated using Duncan's test of
multivariate analysis (Duncan 1955).
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m. RESULTS AND DISCUSSION

a. Experiment 1

In the first few days of this experiment, several larvae escaped from the petri
dishes. Of the 50 larvae, 11 escaped from both PSL and MGF, eight escaped from

PSFB, four from CVF and MGV, and three from CVV. Only one larva escaped from
MED. These data indicate that larvae placed with PSL, PSFB and MGF may have
become more active searchers due to non-preference for the food source in the

container. This searching activity would have enabled them to escape from the
container.

Mortality of larvae was high on some food sources. For example, all of the
remaining larvae (n=39)on PSL were dead by 14 August. Larval mortality also was

high on PSFB where ca. 88% (n=37)of the remaining larvae died. Only five of the
larvae survived to pupation. From this high mortality and apparent non-preference,
prickly sida may not be a good nutritional host for Helicoveroa zea [at least at the

time of year that plant material was collected from the field for this experiment(2
August-7 September)]. Of the larvae remaining on host plants, 18 died on both MGF
and CVF (ca. 46 and 39%, respectively), fourteen (ca. 30%) died on CVV, ten (ca.
22%) died on MGV, and six (ca. 12%) died on MED.

The developmental time required for larvae to reach pupation (for those larvae

that eventually eclosed to adulthood) was shortest for those fed MED (Table 3). This
larval developmental time was significantly shorter than larval development times on
the wild host plants material. Of those larvae fed host plant material, developmental
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Table 3. Selected biological characteristics of Helicoverpa zea when reared on different species of host

time of those fed CVV was significantly shorter than that for both CVF and MGV.

Larval developmental times for those fed CVF did not differ significantly from MGV,
but these times were both significantly shorter than MGF which was in turn

significantly shorter than PSFB. Development time for larvae fed PSFB was
significantly longer than for any other plant type.

Some of the pupae died before adult emergence and these were not included in

the statistical analysis. The number of pupae which did eclose and were included in
the analysis were 40 for MED, 29 for CVV, 24 for CVF, 21 for MGV, 17 MGF,
and 2 for PSFB. The only significant difference among pupal developmental times
was between Helicoverpa zea fed CVF and those fed PSFB (Table 3). Pupal

developmental time was significantly shorter when larvae were fed PSFB than those
fed CVF.

The first pupation occurred on 15 August (thirteen days after the beginning of
the experiment) when 17 larvae on MED pupated. First pupation for each of the
other food sources was 17 August for CVV, 20 August for MGV,23 August for both

MGF and CVF, and 31 August for PSFB. Final pupation dates for larvae on their

respective food sources were: 18 August for MED, 22 August for CVV, 24 August
for CVF, 25 August for MGV, 28 August for MGF, and 7 September for PSFB, 36
days after the experiment was begun.

Average pupal weights were greatest when larvae were reared on MED (Table

3). These weights were significantly greater than those weights of pupae fed the wild

host plant material. The highest pupal weights recorded for larvae fed wild host plant
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material was on CW. While these pupal weights were not significantly greater than

those of CVF, they were significantly greater than those on MGV, MGF, or PSFB.

Pupal weights on CVF were not significantly greater than those on MGV, but they
were significantly greater than those on MGF, and PSFB. Pupal weights on MGV
were significantly heavier than those on MGF or PSFB, and pupal weights on MGF
were significantly greater than those on PSFB. The lowest pupal weights from those
fed wild host material were from PSFB.

This ranking was similar for total developmental time (days) from neonate to

adult emergence (Table 3). Total developmental time of Helicoveroa zea larvae that
were fed MED was significantly shorter than those fed any other food source.

Developmental time of those fed CVV was significantly shorter (ca. 3 to 16 days)
than those fed any other wild host plant type. Developmental time on CVF and MGV
were not significantly different. However, the total developmental times of either

group were significantly less than those on MGF or PSFB. Developmental time of
Helicoverpa zea fed MGF was significantly less than those fed PSFB. Total

developmental time for larvae fed PSFB was significantly longer than any other wild
host plant type.

Helicoverpa zea was successfully reared from crown vetch (a new host plant),
a suitable host for development of this insect species. This plant may provide better
nutrition for Helicoveroa zea than either tall momingglory or prickly sida (at least at
that time in the season).
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Most larvae in the field surveys were collected on MGF instead of MGV. In

Experiment 1, however, MGF was an inferior host to MGV. This difference may
have been a reflection of the ability of MGV to remain as a suitable host after being

excised and placed into petri dishes. MGF tended to wilt and even decompose when

kept in the petri dishes for more than 24 hours, while the MGV stayed fresh for
longer periods of time.

Another noteworthy observation from this experiment was the apparent lack of

suitability of prickly sida as a host for Helicoveroa zea. While more Helicoverpa zea
larvae were found on this plant than on any other plant in the field surveys (308 or
36% of all Helicoveroa zea collected), only 2(4%) managed to develop to adulthood
when fed flowers and buds of prickly sida and none pupated from the leaves.

Experiment 2 was conducted to gain a better understanding of Helicoverpa zea
development on prickly sida.

b. Experiment 2

The fruits of prickly sida were added as a treatment in this experiment to

those prickly sida plant parts already examined in Experiment 1. This addition was
included to determine if Helicoveroa zea fed on these fruits and neglected the flowers,

buds, and leaves. However, none of the larvae fed PSF lived to pupate. Twenty-three
larvae had escaped and 27 had died only 13 days into the experiment.

Larvae fed MED pupated first on 5 October, 15 days into the experiment.

Only four larvae escaped and four died. Forty-two Helicoveroa zea pupated; the last
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pupation occurred on 10 October. Four (ca. 10%) of these died as pupae. Average

pupal weight of those fed MED was 423.3 mg. This was similar to pupal weights of
larvae fed MED in Experiment 1.

Average total developmental time for those fed MED was 28.8 days, 5 days
longer than that observed for Experiment 1. This longer development time may be
related to the lower temperature (ca. 3°C lower) used in Experiment 2.
Of those larvae fed PSFB, 15 (30%)escaped and 23 (ca. 66%) of the

remaining larvae (ca. 66%) died. Of the 12 (ca. 34%) that pupated, only 6 (ca. 17%)
eclosed as adults. Average pupal weight on PSFB was 159.0 mg which was similar to
the average pupal weight on PSFB in Experiment 1 (151.7 mg). Average total

developmental time on PSFB was 49 days which was longer than PSFB in
Experiment 1 (43 days). As with the Helicoverpa zea fed MED, total developmental
time of Helicoverpa zea fed PSFB may have been longer due to the lower temperature

of Experiment 2. It is also possible that in Experiment 2, collection of PSF later in
the season than in Experiment 1 may have effected the total developmental time
(lengthening it).

Sixteen (32%) of the larvae on PSL escaped from the containers. Of those
larvae that did not escape, 25 (ca. 74%) died, nine (ca. 26%) pupated, and only five
(ca. 15%) eclosed to adulthood. Average pupal weight (207.7 mg) on PSL was

greater than the average pupal weight on PSFB. Average total developmental time of
larvae fed PSL (49.2 days) was similar to those fed PSFB.
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The results of this experiment indicate that later in the season, prickly sida

may be a more suitable host to Helicoverpa zea in the field. The late-season peak
collection of Helicoverpa zea from prickly sida in the field (Figure 3) appears to

correspond to results from the feeding studies in Experiment 2. However, if only 17%
of larvae fed prickly sida survived, the large numbers found on prickly sida in the
field may be of reduced importance to the development of the overwintering
generation.

c. Experiment 3

In this experiment as in Experiment 1, Helicoverpa zea did not successfully

pupate on PSL. However, in Experiment, 3 larvae were not able to escape from the
diet cups. All of the larvae fed PSL were dead by 2 September, 10 days after the
experiment was initiated.

Larval developmental time (for those eventually reaching adulthood) was

significantly shorter for larvae fed MED compared with larvae fed CVF (Table 4).
However, larval development time for MED was not significantly shorter than CW
and CVV larval developmental time was not significantly shorter than CVF.

Pupal developmental times were not significantly different among the food

types (Table 4). However, total developmental times (from neonate to adult eclosion)
for Helicoverpa zea fed CW or MED were significantly shorter than those fed CVF.

Total developmental time on MED was shorter, although not significantly, than total
developmental time on CW.
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Table 4. Selected biological characteristics of Helicoverpa zea when reared on crown vetch vegetation, crown vetch

The first day of pupation occurred on 4 September, 12 days after the

experiment was initiated. A single pupa from both MED and CW was found on this
date. Pupation continued until 18 September for MED (total of 33 pupae), and until
17 September for CVV (total of 23 pupae). Pupation for CVF began on 10 September
and ended on 18 September (total of 12 pupae). Only two larvae successfully pupated
on PSFB (one on 22 September and the other on 27 September). However, these
pupae did not successfully eclose to adulthood.
Helicoveroa zea fed MED had significantly greater pupal weights than those

fed CVV or CVF (Table 4). Pupal weights for CVV were greater, although not

significanUy, than those on CVF. Pupal weights for Helicoveroa zea fed MED,
CVV, and CVF in Experiment 3 were less than those fed on similar food sources in
Experiment 1. The lower weights may have been the result of weighing the pupae
four to five days after pupation in Experiment 3 compared with three to four days
after pupation in Experiment 1. Higher temperatures in Experiment 3 also may have
affected pupal weight, as well as influenced developmental times.
Crown vetch was found to be a nutritious host plant for Helicoveroa zea, while

prickly sida was apparently not. This information, along with the information gleaned
from Experiments 1 and 2, helps to elucidate the relative importance of these host

plants to Helicoveroa zea. Large numbers of larvae collected from a plant species
does not guarantee that large numbers will successfully develop on the host.

Although fewer larvae were collected in field studies from crown vetch than from

prickly sida, those larvae that feed on crown vetch may be better able to develop and
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produce the fertile offspring of the next generation than those that feed on prickly
sida. Because similar situations also could exist among other wild host plant species

of Helicoverpa zea and Heliothis virescens in eastern Tennessee, host plant suitability
studies should be conducted for each host species. This information would help to
better qualify the importance of these host plants.
Another factor to consider in the importance of a host plant species is that host

suitability may differ during the season for the same host plant species. For example,
3-nitropropionic acid is produced by crown vetch and has been found to increase

mortality of the cabbage looper, Trichoplusia ni (Hubner), and Sparognathis
fruitworm, Sparognathis sulfureana (Clemens)(Byers et al. 1986). However, the
concentrations of 3-nitropropionic acid were found to fluctuate in crown vetch during
the season, decreasing in concentration with cooler temperatures late in the season.
Observations of laboratory rearing attempts with Helicoverpa zea indicate that
this chemical and/or others may have been active in crown vetch in eastern Tennessee

at certain parts of the season. In the early-season, from 29 May (the first day of field
collection of Helicoverpa zea from crown vetch) to 25 June, 19 pupae of 45

remaining larvae were reared from CVF and 19 pupae of 44 remaining larvae were
reared on CW. Attempts were then made to rear Helicoverpa zea on CVF and CVV
from the end of the early-season into the mid-season (19 June to 19 July). Of the 50
larvae placed on each food source during this period, only five pupated and two

eclosed on CVV, and only five pupated and one eclosed on CVF. This period of
mortality of Helicoverpa zea larvae (approximately occurring during mid-season) may
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indicate a period of increase of toxic chemicals, such as 3-nitropropionic acid, in
crown vetch. The increase of these chemicals at that time could help to explain the

gap in Helicoveroa zea populations in crown vetch for the corresponding period
(Figure 5).

Further experiments should focus on Helicoverpa zea-phytochemical
interactions and seasonal chemical composition of crown vetch. These experiments
also should include Heliothis virescens as the test animal. The same phenomena

should be examined with prickly sida to help elucidate the apparent, if small increase,
in nutritional value of that plant at the end of the season (20 September to 6

November) compared with the earlier periods of the study (2 August to 7 September
and 23 August to 27 September).
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Figure 5. Collections of Helicoverpa zea larvae from crown vetch in 1991.

59

CHAPTER IV

CONCLUSIONS

In eastern Tennessee in 1990 and 1991, either Helicoverpa zeg or Heliothis

virescens were collected from 37 species of wild host plants from 11 plant families

(Table 5). Individually, Helicoverpa zea was collected from 32 plant species in 11
families and Heliothis virescens was collected from 21 species of plants in eight

families. Both Helicoverpa zea and Heliothis virescens were collected from 16 plant
species in seven families. Conceivably, many more plants may serve as hosts for
Helicoverpa zea and/or Heliothis virescens in eastern Tennessee as it was not possible
to sample every part of this region in this survey. However, the survey was
conducted to at least sample the major host plants of Helicoverpa zea and Heliothis
virescens in the region.

Only one survey of wild host plants of Helicoverpa zea and Heliothis virescens
has exibited greater species diversity than this survey from eastern Tennessee. This
unpublished survey was conducted in the vicinity of Waco, Texas, from 1965 to 1972
by C. B. Cowan. From personal communication with C. B. Cowan, Egar and
colleagues (1982) listed that Cowan collected Helicoverpa zea from 35 species of host
plants and Heliothis virescens from 14 species of host plants.
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Table 5. Families of wild host plants from which larvae of

Helicoverpa zea or Heliothis virescens were collected during
1990-1991, Greeneville and Knoxville.

No. of Species

Plant Families
FABACEAE

7

MALVACEAE

5

POLYGONACEAE

5

SOLANACEAE

4

ASTERACEAE

3

CONVOLVULACEAE

3

POACEAE

3

EUPHORBIACEAE

2

AMARANTHACEAE

2

GERANIACEAE

2

CHENOPODIACEAE

1

37

Total = 11
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The greatest species diversity from previously published surveys of wild host

plants of Helicoverpa zea and Heliothis virescens. was found in the Pee Dee Region
of South Carolina (Roach 1975). In that survey 27 species of wild host plants were

hosts for either Helicoverpa zea or Heliothis virescens (22 for Helicoverpa zga, 18 for
Heliothis virescens and 15 for both species combined).

While the wild host plant complex from eastern Tennessee exhibited great

species diversity, only a few plant species were considered to be of primary
importance to populations of Helicoverpa zea or Heliothis virescens. This apparent

reliance on only a few species of wild hosts is consistent with results from previous
surveys (Roach 1975, Stadelbacher et al. 1986).

Early-season wild hosts (e.g., old-field toadflax, Carolina geranium) important

to populations of Helicoverpa zea or Heliothis virescens in regions from previous
studies, were apparently not important in eastern Tennessee. Many of these early
season host plants had senesced or died by the time that the first larvae of
Helicoverpa zea or Heliothis virescens were collected in eastern Tennessee. Only a
few specimens of Helicoverpa zea and Heliothis virescens were collected from
Carolina geranium after extensive sampling. These insect species were not collected

from any other early-season wild host plant species that was important in other
regions.

First larvae were encountered in the field on 31 May 1990 and 21 May 1991.
These first occurrences in eastern Tennessee were about two weeks to more than one
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month later than first occurrences reported in other regions. This difference in initial
occurrence may reflect the cooler climate of eastern Tennessee.

Early-season wild host plants classified as potentially important included
common mallow, black medic, and crown vetch. The greatest numbers of early
season Heliothis virescens were collected from black medic. The greatest numbers of

early season Helicoveroa zea were collected from crown vetch.
Crown vetch, a new host plant for both species, is grown along roadsides for
soil stabiliztion and improvement as well as for its ornamental properties. It also was

an important late-season host for Helicoverpa zea after a mid-season lull period in
which no larvae of Heliocovema zea or Heliothis virescens were collected (Figure 5).

This period coincided with the rise of attractiveness of preferred host plants, such as
com and tobacco, making crown vetch less attractive as a host plant (Figure 4).

Laboratory feeding studies indicate that a possible increase of toxic phytochemicals in
the plant at that period could be a factor in the mid-season lull.
Black medic and also was a potentially important host for Heliothis virescens
into the mid-season. Velvetleaf was another potentially important mid-season host for
Heliothis virescens but it continued to serve as a host into late season when it also

was a host for Helicoveroa zea. Other potentially important mid-season hosts for both

insect species were hophombeam copperleaf, tall momingglory and ivy-leaved
momingglory. These species also were potentially important late-season hosts.

Laboratory feeding studies indicated that tall momingglory is a nutritionally adequate
host for Helicoverpa zea. Thus, when these findings are combined with the field
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collection data, they indicate that tall momingglory may be an important host plant
for the overwintering generation of Helicoverpa zea.

While numbers of Heliothis virescens were greater in early to mid season, the

situation shifted and Helicoverpa zea became the predominant of the two insect

species later in the season. This seasonal shift in species dominance reflects a similar
seasonal shift in dominance from Heliothis virescens to Helicoverpa tj^ in tobacco in
eastern Tennessee (Bidlack and Grant 1991).

Highest numbers (308 or 36% of Helicoverpa zea for both years) of
Helicoverpa zea were collected in late season from prickly sida. While more larvae
were collected from prickly sida than from any other wild host plant, laboratory
feeding studies indicated that this plant may be poor in nutritional quality for

Helicoverpa zea. This nutritional deficiency may decrease the importance of prickly
sida as a host for overwintering populations of this insect.

The most important cultivated host plants of Helicoverpa zea and Heliothis
virescens in eastern Tennessee were com and tobacco, respectively. As was the noted

previously, Helicoverpa zea also occurred on tobacco but to a lesser extent than
Heliothis virescens (Bidlack et al. 1991). Alfalfa was a host of Helicoverpa

late

in the season. Only a few larvae of Helicoverpa zea were collected from tomato and

they occurred in late season. No larvae were collected from soybean during the
entire study.

In eastern Tennessee, the diverse wild and cultivated host plant complex of

Helicoverpa zea and Heliothis virescens coupled with the patchy agriculture and
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widely varied topography of the region may make area-wide management of these

pests more difficult than in other less complex agroecosystems. Furthur investigation
of host plant suitability to Helicoverpa zea and Heliothis virescens as well as
biological, cultural and chemical control research will be necessary before an areawide management plan directed against this pest complex will be feasible in eastern
Tennessee.
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Appendix. Wild host plants sampled for Helicoverpa zea and Heliothis virescens in eastern
Tennessee.

Common Name

Sampling Period

Cassia obtusifolia L.
Cassia fasiculata Michaux
Trifolium incarnatum L.

sicklepod
partridge pea

July-Sept

Trifolium repens L.
Trifolium pratense L.
Trifolium procumbens L.

white clover

Host Plant

FABACEAE(LEGUMINOSAE)

common vetch
smooth vetch

Aug-Sept
Apr-early June
Apr-mid Sept
mid Apr-mid Oct
late Apr-June
May-June
May-June
mid May-July
late Apr-Oct
late June-Sept
late June-Sept
Apr-mid June
Apr-late May
May-June

wild peas

June

kudzu

butterfly pea

Sept-Oct
July

Malva neglecta Wallroth

common mallow

late Apr-July

Anoda cristatafL.) Schlect.

spurred anoda
prickly sida

Oct
June-Get
June-Get

Melilotus officionalis L.
Melilotus alba L.

Medicago lupulina L.
Coronilla varia L.

Desmodium spp.
Lespedeza cuneatafDumontlDon
Vicia grandiflora L.
Vicia angustifolia L.
Vicia dasycharpa Tenore
Lathym? spp.
Peuraria lobatafWilld.1 Ohwi
Clitoria mariana L.

crimson clover
Red clover

low hop clover
yellow sweetclover
white sweetclover

black medic
crown vetch

beggarticks
siricea lespedeza
large yellow vetch

MALVACEAE

Sida spinosa L.

Abutilon theophrastii Medicus

velvetleaf

Hibiscus moscheutus L.

swamp rose-mallow

Hibiscus trionum L.

Venice mallow

POLYGONACEAE
Rumex acetosella L.

Rumex crispus L.
Rumex obtusifolius L.

Polygonum
Polygonum
Polygonum
Polygonum

pennsvlvanicum L.
lapathifolium L.
persicarea L.
convolvulus L.

sheep-sorrel
curly dock
broadleaf dock
Penn. smartweed

pale smartweed
lady's thumb
wild buckwheat
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July-Aug
Aug-Sept

Apr-May
Apr-early July
Apr-early July
late July-Get
Sept
late May-Sept
June-July

Host Plant

Common Name

Sampling Period

SOLANACEAE

Physalis spp.
Soianum carolinense L.
Solanum americanum Miller
Datura stramonium L.

Nicotiana longiflora Cav.
Nicandra physaloidesCL.) Pars.
CONVOLVULACEAE
Convolvulus arvensis L.

groundcheny

late June-Sept

horsenettle

June-Oct

black nightshade
jimsonweed
longleaf wild tobacco

late June-Oct
June-Oct

apple-of-peru

late June-Oct

field bindweed

July

Calystegia sepiumCEIR. Brown

hedge bindweed

June-Sept
lateJune-Aug

Ipomoea coccinea L.
Ipomoea purpureaCL.) Roth

scarlet momingglory
tall morningglory

July-Oct

Ipomoea hederacea^L.') Jaquin

ivy-leaved morningglory
pitted morningglory
bigroot momingglory

Ipomoea lacunosa L.
Ipomoea pandurata (L.) Meyer

ASTERACEAE (COMPOSITAE)
)
common ragweed
Ambrosia artemisiifolia L.
giant ragweed
Ambrosia trifida L.
Xanthium strumarium L.

cocklebur

Cichorium intybus L.
Lactuca spp.
Sonchusspp.
Taraxacum officinale Wiggers

chickory
sow-thistles
dandelion

Senecio aureus L.

golden ragwort

Centaurea cyanus L.

bachelor's button
musk thistle

Carduus nutans L.

Arctium minus (Hill) Bemhart
Vernonia spp.
Eupatorium spp.
Erigeron philadelphacus L.
Erigeron canedensis L.

Erigeron anuus (L.) Persoon
Aster spp.
Solidago spp.
Helianthus spp.

wild lettuces

Aug
June-Oct

Aug-Oct
Aug

late June-Sept
July-Aug
late May-Oct
May-early Oct
May-Sept
Apr-Sept

common burdock

Apr-May
May
late Apr-June
May-June
July-Aug

ironweeds

Aug-Sept

thoroughworts

Aug-Oct
Apr-June
July-Sept
May-July
Sept-Oct
Aug-early Oct
Aug-Oct
July
mid May-Oct
July-Aug

Philadel. fleabane
horseweed
aimual fleabane
aster

goldenrod
sunflowers

Coreopsis spp.
Galinsoga ciliatafRaf.) Blake

coreopsis

Helenium amarumCRaf.I H.

Rock bitter sneezeweed

hairy galinsoga
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Host Plant

Common Name

Sampling Period

Achillea millefolium L.

yarrow

mid Apr-May

Anthemis spp.
chamomile
Chrysanthemum leucanthemum L. ox-eye daisy

May-July
late April-June

POACEAE

Festuca spp.

Fescue

barnyardgrass
dallisgrass
Paspalum dilatatum Poir.
crabgrass
Digitaria spp.
fall
panicum
Panicum dichotomiflorum Michx.
Sorghum halepense(L.^ Persoon johnsongrass
bromesedge
Andropogon spp.
Echinochloa cruscallil'L.IBea.

Apr-July
July-Sept
June-Sept
May-Sept
late Aug-Oct
June-Get

Sept-Oct

GERANIACEAE
Geranium carolinianum L.

Carolina geranium

Geranium molle L.
Geranium dissectum L.

dovefoot geranium
wild geranium
dissected geranium

Erodium cicutarium(L.) L'Her.

red-stem fillaree

Apr-June
Apr-mid June
mid Apr-mid May
Apr-mid June
May

tropic croton
Virginia copperleaf

Aug-early Get
Aug-Gct

Geranium maculatum L.

EUPHORBIACEAE

Croton gladulosus L.
Acalypha virginica L.
Acalypha ostryaefolia Riddell
Euphorbia maculata L.

hophornbeam copperleaf

June-Get

spotted spurge

mid Aug-Gct

late May-mid Get

Amaranthus retroflexus L.

spiny amaranth
smooth pigweed
red-root pigweed

Amaranthus spp.

amaranth

AMARANTHACEAE

Amaranthus spinosus L.
Amaranthus hybridus L.

June-Sept
July-Get
July-Get

CHENOPODIACEAE

Chenopodium album L.
Chenopodium ambrosioides L.
ONAGRACEAE
Oenothera biennis L.
Oenothera laciniata L.

Oenothera speciosa Nuttall
Gaura spp.

lambsquarters

May-Sept

mexican-tea

June-Get

common eveningprimrose
cutleaf eveningprimrose
showy eveningprimrose
gaura

Aug-Gct
Apr-June
May-July
Aug-Gct
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Host Plant

Common Name

BRASSICACEAE(CRUCIFERAE)

Sampling Period

Lepidium spp.

birdsrape mustard
pepperweed

Capsella hursapastorisCL-lMed.

shepard's purse

Apr-May
Apr-May
Apr-June

long-headed poppy

late Apr-June

moth mullein
common mullein

mid May-mid July
mid May-mid Aug

Potentilla recta L.

sulfur cinquefoil

Rubus spp.
Rosa spp.

wild roses

May-June
mid May-July
May-June

phlox

mid Apr-May

butterfly weed

Brassica rapa L.

PAPAVERACEAE

Papaver dubium L.
SCROPHULARIACEAE
Verbascum blattaria L.

Verbascum thapsus L.
ROSACEAE

berries

POLEMONIACEAE

Phlox spp.
ASCLEPIADACEAE

Asclepias tuberosa L.
Asclepias syriaca L.

common milkweed

Cynanchum leavetMichx.) Pers.

climbing milkweed

June-Aug
June-Aug
Aug-Oct

Lonicera japonica Thunberg

Japanese honeysuckle

late Apr-July

PASSIFLORACEAE
Passiflora incarnata L.

passionflower

late May-Sept

Aquilegia canadensis L.

columbine

Ranunculus spp.

buttercup

late Apr-May
Apr-June

yellow wood sorrel

Apr-May

skullcap

May-June
Apr-June

CAPRIFOLIACEAE

RANUNCULACEAE

OXALIDACEAE
Oxalis stricta L.

LAMIACEAE

(LABIATAE)
Scutellaria spp.
Lamium amplexicale L.

henbit
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Host Plant

Common Name

Sampling Period

Lamium purpureum L.

dead nettle
lyre-leaved sage

Apr-May
May

pokeweed

July-Sept

trumpetcreeper

June-Aug

bur-cucumber

Sept

venus lookingglass

May-June

vervain

July-Aug

Cerastium vulgatum L.
Agrostemma githago L.

common chickweed
mouse-ear chickweed
corn cockle

Apr-May
Apr-May
May-June

UMBELLIFERACEAE
Daucus carota L.

Queen Anne's lace

May-Aug

Salvia lyrata L.
PHYTOLACCACEAE

Phytolacca amaericana L.
BIGONIACEAE

Campsis radicansCL.^ Seemann
CUCURBITACEAE

Sicyos angulatus L.
CAMPANULACEAE

Specularia perfoIiata(L.1ADC.
VERBENACEAE

Verbena spp.
CARYOPHYLLACEAE

Stellaria media (L.) Cyrillo
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